Introduction
Hazard signs have been considered an effective mode of transferring safety information for many decades. However, research is beginning to show that many of these signs are not understood, resulting in increasing numbers of preventable accidents (Wilkinson, Cary, Barr, and Reynolds 1997; Department of Trade and Industry (DTI) 1999; Occupational and Environmental Health Research Unit (OEHRU) 2003; Kalaroa 2005; Lesch 2005) . This is particularly the case in South Africa, where poisoning and burn victims are seen daily in our hospitals. In the review below, factors that have been found to influence sign comprehension are discussed. This is followed by an overview of research pertaining to people's understanding of hazard signs. The chapter concludes by proposing two research questions aimed at evaluating how illiterate adults in South Africa comprehend selected hazard signs.
To explore the intricate world of sign comprehensibility it is necessary to establish an understanding of the field of semiotics. Semiotics in its broadest sense "comprises all forms of formation and exchange of meaning on the basis of phenomena which have been encoded as signs" (Johansen and Larsen 2002: 3) . In layman's terms, semiotics is the study of signs, their meanings, interactions and interpretations (Andrews 2000) . It thus serves as an effective framework for investigating signs.
According to C.S. Peirce, the founder of modern semiotics, a sign consists of three interconnected parts (Kristeva 1989; Chandler,1994; Andrews 2000; Johansen and Larsen 2002 ):
1. The representamen or sign proper. This includes a sign's inner ground, internal structure, character and quality. The representamen is that which represents something else.
2. The object. This is the correlate for which the sign stands. It is that which is represented by the sign.
3. The interpretant or potential meaning that the sign allows.
It goes beyond the scope of this discussion to investigate these three elements in greater detail. Suffice to say that their interaction is essential for the comprehension of all types of signs.
At this point it is useful to explore iconicity, which is another important concept within the field of semiotics. "Iconicity" is a general term referring to the degree of visual similarity between a sign and its referent (Dunham 1989; Soto and Olmstead 1993; Blischak, Lloyd and Fuller 1997; Andrews 2000) . Mizuko (2004) describes iconicity as a continuum that categorizes signs by ease of recognition. At either end of this continuum are transparent signs and opaque signs, respectively.
Transparent signs visually resemble their referents and, therefore, have highly guessable meanings. Hollosi (2000) notes that the meanings of such signs are more or less independent of the person interpreting them and can therefore be useful in international communication.
However, Hollosi (2000) also notes important limitations to this independence in interpretation. Firstly, highly transparent signs can only represent real objects, thereby excluding abstract concepts such as freedom, love, anger, sickness, and warning. Secondly, perceptions of these signs are culturally dependent. This may result in signs assuming different meanings (or losing their meaning) in different cultures. These factors are discussed in more detail further on. For the purposes of the present study, iconicity is an essential variable to consider when selecting specific hazard signs, because signs with a high degree of iconicity (that is, highly transparent signs) are more likely to be instantly recognizable and therefore preferable for use Hollosi 2000; Johansen and Larsen 2002) . This is a particularly important factor in countries with high levels of illiteracy, such as South Africa (Basson and Alant 2005) . Iconicity has also been found to be an important factor determining the ease with which signs and their meanings are learnt and remembered (Fristoe and Lloyd 1979; Fuller and Stratton 1991; Fuller and Lloyd 1997) .
The question, however, remains: What influences an individual's ability to understand signs?
The answer can be found in the description of two groups of variables, namely picture variables and individual variables. Picture variables are factors found within the signs themselves. According to Johansen and Larsen (2002) , signs are made up of elements which are determined by two or more properties, such as form and colour, found in all pictograms and shown to influence the ease with which pictograms are both interpreted and remembered (Kristeva 1989; Hanna and Remington 1996; Johansen and Larsen 2002; Wilkinson and Jagaroo 2004) . Other researchers also include shape, size, location/context, material, openness and intelligibility as factors that may influence sign perception, interpretation and recall (Terumasa and Takeshi 1999; Tsal and Bareket 1999; Davies, Haines, and Norris 2000; Mizuko 2004 According to the Workforce Investment Act (1998), to be literate includes the ability to read, write, talk, reason and solve problems, so that one can successfully function within the work environment, family and community. The inability to function at this level is termed "functional illiteracy", and has been estimated to be as high as 70% (van Heerden 1991).
These low percentages result in two opposing implications for hazard sign comprehension.
Firstly, the high prevalence of adult illiteracy should serve as a motivation for the use of pictorial hazard signs as helpful alternatives to written warnings. The iconicity of these signs is important to consider since those with higher degrees of transparency will be more easily recognizable and therefore more useful in an illiterate environment (Hollosi 2000; Johansen and Larsen 2002; Basson and Alant 2005) . On the other hand, the high level of illiteracy does not bode well for the acquisition and use of pictorial signs, because both written words and pictorial signs are symbolic systems which rely on the use of a representamen to symbolize or represent something that is not present (Kristeva 1989; Johansen and Larsen 2002 by testing the comprehensibility of twelve hazard symbols that appear on industrial and household chemicals across the four economic sectors of industry, transport, agriculture, and consumers. Findings from over 400 participants revealed that only two symbols, namely the "skull-and-crossbones" symbol and the "flammable" symbol, had acceptable levels of comprehensibility, being understood by more than 50% of the participants. For six of the symbols tested, less than 50% of the participants were able to provide correct or even partially correct responses.
Interestingly, the GHS (2003) Another likely factor in the lack of understanding of hazard signs is the role of multicultural and multilingual contexts. South Africa has eleven official languages and many cultures inextricably linked to these languages (Underwood 2002) . A study by Huer (2000) , based in the USA, addressed the issue of cross-cultural differences in sign comprehension. This study examined the perception of three graphic symbol sets across 147 adults from four different cultural groups, namely African American, Chinese, European American, and Mexican.
Significant differences between these cultural groups were found regarding the transparency ratings assigned to the symbols. should be presented? To answer this question, the comprehension of three different forms of the eight hazard signs was compared in order to determine the most easily understood form.
Methodology

Research design
An experimental group design using a sample survey format was selected for this study. Raw data were analyzed quantitatively. Some qualitative data regarding ways in which hazard signs could be improved was also collected. The data collection was done on a once-off basis, making the study cross-sectional in nature. Advantages of such a design include the use of randomization and a lack of maturation bias (Bless and Higson-Smith 2004) .
Aims
The main aim of this study was two-fold. Firstly, the researchers wanted to determine how well the eight selected hazard signs were understood by illiterate adults in a low socioeconomic bracket. Secondly, the aim was to determine the most effective way in which these hazard signs should be presented to illiterate adults. These two aims were addressed by means of three processes:
1. Ranking of the eight hazard signs in order of comprehensibility ranging from the easiest to understand to the most difficult to understand.
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3. Eliciting suggestions from the participants for improvements in the design and presentation of hazard signs that could increase their comprehensibility.
Participants
Participant Selection Criteria
Due to the limited scope of the study, stringent selection criteria were instituted in order to control for as many within-participant variables as possible. All participants were required to be over the age of 25 years, and to speak Afrikaans as their first/home language. These criteria were established to eliminate the possible influence of language on results.
Participants were also required to be illiterate. To ensure this, participants had to have an important criterion for this study.
Participant Selection Procedure
Twenty-one individuals meeting the criteria were selected from those attending the adult education programme. They were randomly assigned to one of three groups consisting of seven participants each. Participants were contacted via the MCS Adult Basic Education and Training Programme after approval was obtained from the programme manager. A signed letter of consent was required from each participant. Due to the fact that participants were not able to read, the consent procedure as well as a careful outline of the study was verbally explained beforehand. Opportunities to ask questions were provided, and participants' rights within the research process were clearly explained.
Participant Description
All participants met the selection criteria stated above. Two out of the 21 participants had not received formal schooling of any kind. These two were randomly placed in group 2. The remaining participants had received between one and six years of schooling. No participants had completed their primary school education. Previous work experience with hazardous substances and equipment constituted the greatest differences between groups. These differences are also indicated in 
Materials
Questionnaire Design
Participants were tested using an adapted version of the questionnaire outlined in the manual Africa. It was selected because of its emphasis on developing an instrument that is "globally applicable taking into account varying levels of literacy and differences in cultural experience" (London et al. 2003: 1) . Questions were adapted from modules 2 and 3 of the manual and translated into Afrikaans. The final questionnaire consisted of three sections, as outlined in Table 2 . 
Picture Stimuli
Eight hazard signs used by the GHS were selected for comprehensibility testing in the present study. These signs were selected because they frequently appear on commonly used chemicals. Six of these signs had also been used in previous studies to assess hazard sign comprehensibility (Wilkinson et al. 1997; GHS Study 2003) . This was important to enable cross-study comparisons between results. The eight hazard signs appear in Figure 1 . Three different versions of each of these signs were developed for the purposes of the present research project:
1. The first version displayed each sign on its own, printed in black and white.
2. The second version provided each sign with a corresponding written translation, also in black and white, the rationale being that, by pairing signs with written warnings, the two may become associated in memory (Young and Wogalter 1990) . This may then aid retrieval of hazard information when the sign is seen again (Wilkinson et al. 1997 ).
These written translations were given in English, as this is the language in which they predominantly appear in natural contexts.
3. The third version provided the sign within a meaningful pictured context. Context is particularly important when assessing hazard sign comprehensibility, as contextual cues greatly contribute to comprehension (Johansen and Larsen 2002) . This is particularly so for populations with little formal education (London et al. 2003) .
Research procedure
The study was conducted by means of personal interviews with the first author as the interviewer. Once the study had been explained and consent obtained, participants were randomly divided into three groups of seven participants each. Each group was exposed to one of the three versions of hazard signs described above. The participants were individually guided through the questionnaire and presented with the hazard signs one at a time. The hazard signs were randomly ordered and were presented to all participants in the same order.
The participants were allowed to view each sign for 10 seconds before being asked questions about it. They were permitted to retain the sign while answering these questions.
The participants' suggestions regarding how signs could be improved were obtained using open-ended questions and limited prompting where necessary. All responses were audio recorded for later classification. At the end of the interview each participant was rewarded with a safety information card containing relevant safety information for their workplace or home.
Data analysis
Data analyses aimed at providing answers to the two main research questions. Answers to closed questions were coded into one of two categories: correct and incorrect. Participants who were unable to provide an answer were coded as incorrect. Only spontaneous correct responses were coded as correct.
Each hazard sign was assessed in terms of its comprehensibility and compared to the other hazard signs in its group. Answers to open-ended questions were transcribed and, where applicable, grouped into specific categories of suggestions. Percentages and means were used to make comparisons between data, the sample size being sufficient to allow this (Howell 2004 ).
Results and discussion
Comprehensibility ratings
Results of the comprehensibility measurements revealed a moderate understanding of the eight hazard signs used. Overall, 54.17% of the responses were coded as correct. The comprehensibility of individual signs varied greatly. The >50% overall correct response could be largely ascribed to three signs that received over 80% correct responses, namely the "skulland-crossbones" (90.48%), "wash hands and face after use" (90.48%) and "flammable" signs (80.95%) (cf. Participants' previous exposure appeared to be important in the case of the "skull-andcrossbones" and "flammable" signs. Twenty and 17 participants, respectively, recognized these as signs they had seen before. This concurs with literature that has identified previous exposure to signs as an important determiner in their recall and comprehension (Johansen and Larsen 2002; GHS Study 2003) . Previous exposure, however, had limited validity for the third sign, namely "wash hands and face after use". Only 13 out of the 21 participants indicated that they had seen it before. Factors other than previous exposure, e.g., iconicity, were likely to have played a role in the comprehensibility of this particular sign. The "wash hands and face after use" sign appeared to have a high degree of transparency for participants. This is suggested by the ease of perception ratings for this sign (see Figure 1c) . It can be seen that 80.95% of the participants rated this sign as "easy to understand", and 90.48% correctly identified its meaning. The suggestion of iconicity as a contributing factor to the high percentage of comprehension for this particular sign is supported by the findings in the GHS Study (2003), where more than 90% of the participants correctly or partially correctly identified the "wash hands and face after use" sign. Literature abounds with information regarding the influence of iconicity on sign comprehension Hollosi 2000; Johansen and Larsen 2002; Beukelman and Mirenda 2005) .
Comparison of results in figure 1 also revealed some contradictions between the comprehensibility scores and previous exposure scores of the "high voltage" and "harmful" hazard signs. The "high voltage" sign ranked as the fourth most understood sign, with 42.86% correct responses. Its previous exposure rating, however, revealed it to be the second most recognized sign out of the eight tested. It was also perceived as one of the top three most easily understood signs. A similar pattern was observed for the "harmful" sign. This sign received the least correct comprehension responses (19.05%), but had the second highest previous exposure rating and was the third most easily perceived sign. Confusion was even more clearly evident for the "harmful" sign, and explains the contrasting results between comprehensibility, previous exposure, and ease of perception. No less than eight different interpretations of this sign were recorded. The two most common of these were the hospital/ambulance cross (five participants) and the railway line (three participants). Other misinterpretations involved the "no entry" sign, the "incorrect/mistake" sign, the "danger of fire" sign, and warning signs of any kind. Almost all the participants (95%) identified it as a warning sign. One participant thought it meant the opposite of its intended message. The generalization of meanings to other signs is not uncommon, and may enhance the training of hazard sign comprehension by using more easily comprehended signs to improve intelligibility of other signs (GHS Study 2003). The second implication suggests that the addition of written text to hazard signs seems to increase comprehensibility, even for illiterate adults, and even when not written in their mother tongue. There was a 12.5% increase in comprehensibility between groups 1 and 2.
This may be ascribed to two reasons, namely the addition of the written text to signs and/or inter-group variation. Since group differences were controlled to some degree by random participant assignment (Bless and Higson-Smith 2004) , and all other variables were kept constant, this 12.5% increase may well have been due to the presence of the written text in the case of group 2. The exact reason as to why the addition of written text should increase sign comprehension for illiterate adults is not clear and requires further investigation. It is possible that the participants were not as illiterate as was assumed.
The last implication is that the inclusion of a meaningful context enhances hazard sign comprehensibility. From the results in this study it was clear that the context in which a sign appeared played a significant role in improving access to its meaning. There was a 21.43%
increase in comprehensibility between groups 1 and 3, and an 8.93% increase between groups 2 and 3, respectively. These increases can be ascribed to one of two factors, namely intergroup variation and the inclusion of a meaningful context. It is logical to assume that these increases were, at least to a degree, the result of the contexts in which the signs appeared. This result is comforting, as in most practical cases the hazard signs occur in context, which clearly helps their interpretation.
Suggestions for improvements in sign design
The third and final aim of this study was to elicit suggestions for how to improve hazard sign comprehensibility. These suggestions fell into seven categories: colour, writing, size, translation, training, clarity, and additional pictures/signs.
For groups 1 and 2, adding colour was rated high. It is interesting to note that both group 1 and group 2 participants were presented with black and white signs. Group 1 participants also suggested adding writing and increasing size to improve comprehensibility, while participants in group 2 suggested more training and improved clarity. Thus, although simple black and white line drawings can be regarded as the simplest form of presentation, the present findings suggest that colour simplicity does not aid comprehension. The inclusion of colours, particularly red, may be a key element in the improvement of hazard sign comprehension. For participants in group 3, clarity, size, training, and the addition of a picture or another sign were the most suggested modifications. This group gave the fewest suggestions of the three.
Implications of results
The findings of this study suggest that poor hazard sign comprehension may be a reason for some of the poison and burn victims seen daily in South African hospitals. The overall poor comprehensibility of hazard signs indicates a need for collaborative partnerships between communication experts, such as Speech-Language Therapists, hazard sign designers and producers of hazardous substances alike to improve safety communication. By encouraging these partnerships, signs with improved transparency and form of presentation can be developed which, in turn, could promote easier access to hazard and safety information, particularly among illiterate populations.
These partnerships could also assist in the establishment of standardized signs for specific hazards. This is of particular importance in South Africa, where no standardized warning system to which all sectors are forced to adhere currently exists (GHS Study 2003) . It is also useful to highlight a potential obstacle to the suggested improvements. The decanting of hazardous substances, such as paraffin and petrol, into unmarked containers, is common practice in South Africa, particularly in poorer communities (GHS Study 2003) . Since these are also the communities most affected by the misuse and abuse of hazardous substances, something needs to be done to ensure that safety information is communicated, despite this
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Another implication of the present study is the need for training. The low levels of hazard sign comprehensibility found in this study indicate the need for widespread training programmes that target not only hazard sign comprehension, but also sign recall and recognition.
Reinforcing this conclusion is the fact that training was rated in the top four suggestions for hazard sign improvement across the three groups in the results above. This indicates that hazard sign users also perceive training as an important aspect of increasing hazard sign comprehensibility. The responsibility for these training programs lies largely with those who manufacture, distribute and use hazardous substances. Employers in South Africa are required by law to ensure the safety of all individuals working for them and therefore should be the primary providers of these programmes (Occupational Health and Safety Act 1993). Since communication, by definition, incorporates the need for the successful transfer of information, speech-language therapists could play a key role in the development of training programmes that effectively convey hazard sign information.
Strengths and weaknesses of the study
Only 21 participants participated in the study, affecting the generalizability of the findings to the larger South African population. A repeat of this study making use of a larger test population may or may not provide support for the results reported here. Another weakness of the present study is the fact that participants were selected from only one linguistic group.
This has provided very specific results that might only be applicable to Afrikaans speaking populations.
Suggestions for future studies
Although this study contributes to the growing body of research on hazard sign comprehensibility, much is still unknown about how to make hazard information more accessible through signs. It would be valuable to determine whether literacy level does, in fact, affect hazard sign comprehension, and, if so, to determine the minimum level of literacy or education needed to facilitate sign comprehension. The role of compliance to hazard signs, in addition to their comprehension, should also be researched, as it is not only necessary to understand what is needed to avoid harm, but also to carry out the necessary actions. Other questions requiring answers may be: At which point do signs become truly oblique for illiterate adults, and in which contexts are signs most easily understood? Within a similar research design, different cultures, age groups, and literate populations could also be tested in order to further establish the scope of hazard sign incomprehensibility in South Africa.
Conclusion
The results of the present study add to the growing body of research on the comprehensibility of hazard signs. Although the comprehensibility ratings indicated an average understanding of the eight hazard signs, the score appeared "artificially" elevated due to three signs which were much better understood than the others. Comprehensibility results from the different types of sign presentation indicated that participants who were presented with signs in context showed the highest levels of comprehension. Interestingly, signs presented with their corresponding written texts received elevated scores, even though the participants were considered illiterate.
Speech-language therapists, as communication specialists, could have a valuable contribution to make to comprehensibility training, further research, and hazard sign iconicity and design.
Consideration of the suggestions made by sign users themselves is essential for improving sign appeal and comprehension. Although some practical suggestions were given, further research is clearly needed.
